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@ System in a press section of a paper machine for monitoring and control of the running of the press 
felts. 

@ System in a press section of a paper machine g g ^ 

for monitoring and control of the running of the £ " ~ 

press felts (10,20,30). The press felts (10,20,30) 
are guided by means of rolls (13,14,15; 
23,24,25 ; 33,34,35), whose axial directions are 
altered by means of an actuator (18a, 18b) so as 
to control the running of the press felts 
(10,20,30). The system includes detector de- 
vices (16,26,36), by whose means the alignment 
stripe (K) on the felt or felts (10,20,30) is detec- 
ted, as well as oscillation detectors (17,27,37), 
by whose means oscillations of the press rolls 
(10, 20,30) are detected. Into the computer part 
(50) included in the system, the monitoring 
signals (a,b) are fed from said detectors 
(16,26,36, 17,27,37). The computer (50) analyzes 
the detector data in order to detect any felt- 
induced oscillations. By the intermediate of a 
control system (40), the computer (50) regulates 
the actuators (18a, 18b) of the guide rolls that 
guide the running of the felts (10,20,30) so that, 
when the oscillation levels of the press rolls rise 
beyond certain limits, the direction of the guide 
roll of the felt (10 ;20 ;30) that causes the oscil- 
lation is turned until an acceptable level of 
oscillation and/or a level of oscillation as low as 
possible is found. 
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System in a press section of a paper machine for 
monitoring and control of the running of the press felts 
The invention concerns a system in a press sec- 
tion of a paper machine for monitoring and control of 
the running of the press felts, which press felts are 
guided by means of rolls, whose axial directions are 
arranged so that they can be altered by means of an 
actuator so as to control the running of the press felts, 
and which system includes detector devices, by 
whose means the alignment stripe on the felt or felts 
is detected, and which system includes a computer or 
a corresponding logic unit, into which the monitoring 
signals are fed from the detectors in the system. 

As is well known, the presses in paper machines 
comprise press rolls, which form press nips with each 
other, through which nips the paper web runs together 
with a press felt or felts. The press rolls with their axle 
journals and bearing brackets are susceptible of os- 
cillations, which tendency is increased by the elasti- 
city of the press felts. In press rolls, auto-oscOlations 
occur commonly, which are typically in a frequency 
range of 20... 150 Hz. These oscillations produce 
noise and affect the quality of the paper web pro- 
duced, because the oscillations, especially oscilla- 
tions taking place in the nip plane, produce variations 
in the compression pressure in the nip. further, the os- 
cillations produce shrinkage and wave-like barring in 
the press felts and undue wear of the felts. Said bar- 
ring tends to increase the so-called felt-induced oscfl- 
lation of the press roils, and when the wave-like bar- 
ring in the felts becomes deeper, the amplitude of said 
oscillation tends to increase constantly. 

Said felt-induced oscillations occur mainly at the 
harmonic frequencies f N = N v/L, wherein N = an inte- 
ger, v = felt velocity, and L = overall length of felt loop. 
When oscillations are noticed in the press section at 
said different "resonance frequencies" f N , it can be 
concluded that felt-induced oscillations are con- 
cerned, which are derived from said very felt whose 
length is L and velocity v. 

Attempts have been made to prevent felt-induced 
oscillations of press rolls thereby that the running di- 
rection, i.e. the "splice", of the felt is, at suitable inter- 
vals, turned by a few angle degrees so that the felt 
runs over the spreader, tensioning and alignment rolls 
(in the following, the general denotation "guide roll" 
will also be used for these rolls) in slightly varying pos- 
itions. Said splice turning means that the felt loop runs 
in a slightly diagonal position, i.e. the length of one of 
its edges is somewhat larger than the length of the op- 
posite edge. This means that any transverse stripes 
and bars that may be formed in the felt do not run 
through the press nips exactly as parallel to the long- 
itudinal directions of the nips but at a small angle di- 
agonally, in which case, when the bar or stripe runs 
through the nip, it does not induce an oscillation of a 
detrimentally high amplitude in the press rolls. 

The prior-art felt-splice turning systems have, as 


a rule, been based on the experience acquired by the 
operating personnel in practice. Manual felt guide 
systems require constant alertness from the operating 
personnel. It is often difficult to judge how frequently 
5 the axial alignment of the felt guide rolls must be 
changed, i.e. the "splice" be turned. Moreover, by 
means of the manual control systems, it cannot even 
be found out with certainty whether the control oper- 
ation is of the right direction, i.e. whether it increases 
10 or reduces the oscillations in the press rolls. Since the 
experience and the professional skll of the operating 
personnel vary and the properties and the qualities of 
the press felts change, by means of manual felt con- 
trol and splice-turning, a sufficiently good result has 
15 not been achieved in respect of the quality of the pa- 
per produced and in respect of the wear of the various 
components in the press section, such as the felts, 
press rolls, and their bearings. 

In order to avoid the drawbacks discussed above 
20 and in view of further development of the manual con- 
trol systems, some press-felt splice-turning systems 
have been suggested, which are to some extent au- 
tomatic and/or which are based on oscillation meas- 
urements, and in respect of said systems, reference 
25 is made, by way of example, to the Fl Patent Applica- 
tions Nos. 891386 and 882730 (equivalent of DE 38 
09 526 and DE 37 19 828.9). According to the latter 
application, the press-felt splice turning takes place 
as timed by a switch clock or as linked with the meas- 
30 ured level of oscillation. The oscillation criterion is a 
band-pass filtered and rectified signal, which involves 
the drawback that the factual source of the oscillation 
at different running speeds of the machine cannot be 
identified. 

35 In the splice-turning systems discussed above 
and in other, corresponding systems, there are sev- 
eral needs of development, for example, because the 
splice turning takes place constantly or at certain fixed 
time intervals, so that the splice cannot be turned op- 
40 timally and in accordance with a need that varies in re- 
spect of time. For example, with a new felt there is a 
necessity to turn the splice more frequently. The most 
important drawbacks in the systems in accordance 
with the above fl applications are therein that it cannot 
45 be concluded with which felt the particular oscillations 
are in phase and that, by means of the systems, the 
factual running position of the felts cannot be noticed 
or measured. 

The principal object of the present invention is fur- 
so ther development of the prior art described above so 
that the quality of the paper produced can be im- 
proved further and that the wear of the various com- 
ponents in the press section, such as the press rolls 
and their bearings and the press felts, can be reduced 
55 and their service lives be increased. 

It is a particular object of the invention to provide 
a novel splice-turning system by whose means the 
barring and shrinkage of the press felts can be pre- 
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vented by running the felts undercontrol and optimally 
right from the beginning of their use. The aim of this 
optimal running is to keep the levels of the felt- 
induced oscillations at the minimum in all different sit- 
uations of operation. 

An object of the present invention is to provide a 
splice-turning system into which the individual para- 
meters that affect the splice turning can be fed sepa- 
rately so that in each particular situation of operation, 
for example in connection with replacements of felts, 
changes in roll diameters, replacements of bearings, 
or with various modification works, optimal splice- 
turning sequences are always achieved. 

It is a further object of the invention to provide a 
system in which it is possible, when necessary, to pro- 
vide and to program a certain hysteresis for the 
change and alarm limits and a suitable follow-up time 
for exceeded alarm limits so that the effects of irrele- 
vant oscillations and unnecessary splice turnings can 
be eliminated. 

In view of achieving the objectives stated above 
and those that will come out later, the invention is 
mainly characterized in that the detectors in the sys- 
tem include oscillation detectors, by whose means os- 
cillations of the press rolls and/or of components re- 
lated to them are detected, that said computer or 
equivalent is programmed to analyze the detector 
data especially in order to detect any felt-induced os- 
cillations, that said computer or equivalent, by the in- 
termediate of a control system connected to it, regu- 
lates the actuators of the guide rolls that guide the run- 
ning of the felts so that, when the oscillation levels of 
the press rolls rise beyond certain limits, the direction 
of the guide roll or guide rolls of the felt that causes 
the oscillation is turned until an acceptable level of os- 
cillation and/or a level of oscillation as low as possible 
is found, that the programs of the computer or equiv- 
alent and of the control unit in the monitoring and con- 
trol system have been fitted as an intelligent expert 
system, into which a process model of the oscillation 
system of the press section has been assembled, and 
that into said process model new parameter data can 
be fed when substantial changes related to the oscil- 
lation system take place in the process. 

According to the present invention, a system for 
the control and monitoring of the running of the press 
felts has been provided, in which, in the software of 
the computer or a corresponding logic and of the con- 
trol system employed in the system, the required data 
can be assembled as a sort of a process model or ex- 
pert system, by whose means the control of the press 
felts can be arranged so that the quality of the paper 
produced is optimal with regard to the oscillations of 
press rolls dependent on the control of the felts while 
the wear of the felts and of the other components has 
been minimized. For the purpose described above, 
new process parameters can be fed into the expert 
system when, for example, felts or press rolls are re- 


placed, when the running of a felt is altered, or when 
other modifications related to the oscDIation system 
are carried out 

It is an essential novel feature of the invention that 

5 the felt-guide and splice-turning system carried out in 
accordance with the invention can be arranged "intel- 
ligent" in the respect that the system is capable of 
analyzing from which felt the oscillations that occur at 
each particular time are derived. This is based on de- 

10 tection of the frequencies f N discussed above, which 
are harmonic in relation to the time taken by the cycle 
of the felt loop. The felt cycle times are found out by 
means of the detectors or series of detectors em- 
ployed in the invention and detecting the by-passing 

15 of the identification stripes in the felt Moreover, when 
optical detector series are employed, it is also possi- 
ble to find out the direction and even the form of said 
identification stripes, on which basis it is also possible 
to determine the running direction and/or the state of 

20 tension of each felt 

In the following, the invention will be described in 
detail with reference to some exemplifying embodi- 
ments of the invention illustrated in the figures in the 
accompanying drawing, the invention being by no 

25 means strictly confined to the details of said embodi- 
ments. 

Figure 1 is a schematic side view of a press sec- 
tion in which the felt-guidance and the splice-turning 
in accordance with the invention are applied as well 
30 as of a related control and data-processing system. 

Figure 2 is a schematic illustration, substantially 
as a block diagram, of a system in accordance with 
the invention for the control and monitoring of a felt 
and of the connection of said system with the actua- 
35 tors of the press-felt guide rolls. 

Figure 3 shows an exemplifying embodiment of 
the program of the computer and the control device in 
the control system of the invention and of the various 
sequences of said program as a flow diagram. 
40 The press section shown in Fig. 1 and its geom- 
etry are primarily known in prior art, and they will be 
described in this connection just for an understanding 
of the background and the environment of application 
of the invention and as an example. The paper web 
45 W arrives from the web former (not shown) of the pa- 
per machine and is transferred from the pick-up roll 12 
onto the first press felt 1 0, which runs through the first 
dewatering nip N 1a The first nip N 1 is formed between 
a press roll 1 1 provided with a suction zone 1 1a and 
50 a smooth-faced centre roll 19. In connection with the 
centre roll 19, the second press nip Isfe is formed to- 
gether with the press roll 21 . The second press felt 20 
runs through the second nip The third nip N 3 in the 
press section is separate, being formed between a 
55 smooth-faced upper roll 32 and a hollow-faced lower 
roll 31 . The web W that is pressed is separated on the 
transfer roll 22, being carried on the top face of the 
third press felt 30 over the suction roll 38 into the third 
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nip N 3 , after which the web W is separated from the 
third felt 30 and is transferred to the drying section of 
the paper machine (not shown). 

The closed loop of the first felt 1 0 is guided by the 
spreader rolls 13, the tensioning roll 14 f and the align- 
ment roll 15. Likewise, the second felt 20 is guided by 
the spreader rolls 23, the tensioning roll 24, and the 
alignment roll 25. In a corresponding way, the third felt 
30 is guided by the spreader rolls 33, the tensioning 
roll 34, and the alignment roll 35. In connection with 
the loops of the upper felts 10 and 20, there are series 
of optical detectors 16a, 16b, 16c and 26a,26b,26c, 
by whose means the by-passing and the position of 
the mark stripes K, i.e. of the splice, on the felts 10;20 
are detected. In a corresponding way, in connection 
with the loop of the lower felt 30, there is a series of 
optical detectors 36a,36b,36c for the purpose stated 
above. As a rule, there is one of said mark stripes K 
on each felt loop. In connection with the axle journals 
and/or the bearing brackets of the press rolls 19,21; 
32, there are, both at the operating side and at the 
driving side of the machine, oscillation detectors 
17;27;37 f which are arranged to measure preferably 
both the radial oscillation and the axial oscillation of 
the press rolls. 

According to Fig. 2, in connection with the axle 
journals of the rolls 13,14,15; 23,24.25;33,34,35, 
which affect the running and the control of the felts 
10;20;30, there are actuators 18a,18b, by whose 
means the axial alignment of said rolls can be 
changed within certain limits and the splice of the felts 
10,20,30 be turned. 

In the following, the main principles of the opera- 
tion of the splice-turning system described above will 
be described. 

According to fig. 2, the optical detectors 16,26,36 
placed in connection with the felts 10,20,30, or corre- 
sponding series of detectors 16a, 16b, 16c;26a,26b, 
26c;36a, 36b,36c, notify the computer 50, as a signal 
a, of the by-passing and the position of the mark 
stripes K on the felts, i.e. of the phase and position of 
the running of the felt The signal a is passed to the 
input circuits 53 of the computer 50, which circuits 
convert the analogical signals to digital signals. In a 
corresponding way, the oscillation detectors 17,27, 
37 placed in connection with the press rolls 11,21,31 
notify the computer 50, as a signal b, by the intermedi- 
ate of the input circuits 54, of the states of oscillation 
of the press rolls. In the computer 50, the block 52 rep- 
resents the programs for the analysis of the detector 
data a,c, for the control of the control equipment, and 
for the processing of alarms, further, the computer 50 
includes an interface part 51, which communicates, 
through a data communication connection 55, with the 
control unit 40 of the felt control and monitoring sys- 
tem. 

On the basis of the intelligence of its program, the 
computer 50 is capable of analyzing, for example, 


from which felt the oscillations are derived, by means 
of the harmonic frequencies f N mentioned above, for 
example, the nips N 1 and N 2 are connected with each 
other by the intermediate of the centre roll 19, and it 
5 must be possible to distinguish between the felt- 
induced oscillations produced by the felts 10 and 20. 

The control unit 40 is provided with an interface 
part 41, through which the control unit 40 communi- 
cates with the computer 50. The control unit 40 in- 
to eludes the control programs for the turning of the 
guide rolls and equivalent and the programs of splice- 
turning sequences, which are represented by the 
block 42. further, the control unit 40 includes the out- 
put circuits 43 for the control of the rolls as well as in- 
15 put circuits 44 for measurement of the positions of the 
rolls. By the intermediate of the output circuits 43, reg- 
ulation signals c are given to the regulators 45, which 
control the actuators 18a (18b) of the rolls 
1 3,14,1 5;23,24,25;33,34,35, by means of which ac- 
20 tuators the alignments of said rolls are turned, and 
thereby the splices of the felts 10,20,30 are turned, 
from the actuator 1 8a (1 8b), feedback signals f are re- 
ceived, which are passed through the input circuits 44 
to the control system 40 for the measurement of the 
25 positions of the rolls. 

In the way described above, an intelligent expert 
system has been provided, in which, in the softwares 
of the computer 50 and of the control system 40, es- 
sential knowledge has been assembled which is nec- 
30 essary in order to keep the levels of the felt-induced 
oscillations in the press as low as possible. When the 
level of the oscillations detected by means of the os- 
cillation detectors 17,27,37 rises beyond a presetlim- 
it, the computer 50 seeks, on the basis of its program, 
35 the next and the subsequent further sequence until a 
sufficiently low level of oscillation of the press rolls is 
reached. If an acceptable level of oscillation is not 
found, the operating personnel is given an alarm. In 
the latter case, the computer 50 seeks the sequence 
40 with which the lowest levels of oscillation are reached 
and continues the running of the felt on the basis of 
this criterion of oscillation. 

The monitoring and control system described 
above and the related computer programs or corre- 
45 sponding control algorithms form a sort of a "process 
moder, by whose means the duty of optimization of 
the invention can be solved. In this process model it 
is appropriate to allow certain parameters to remain 
open parameters to be fed into the model, the values 
so of said parameters being changed when felts or press 
rolls are replaced and/or when the paper quality that 
is produced and/or the nip pressures are changed. 

Fig. 3 shows an exemplifying embodiment of the 
construction of the program of a computer 50 and of 
55 a control device 40. The operation of the programs il- 
lustrated in Fig. 3 with their various stages come out 
from the flow diagram given in fig. 3 and from the 
above description, for which reason it will not be re- 
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peated here. 

When a new felt 10,20 and/or 30 is installed into 
the press section, the system 40,50 is notified thereof, 
whereupon a ready-programmed splice-turning se- 
quence for new felt is started. At the beginning, the 5 
splice of said felt is turned, e.g., at intervals of about 
two hours, and later the splice-turning interval is made 
longer. 

The splice-turning system in accordance with the 
invention can be connected to the process computer 10 
that controls the operation of the paper machine, and 
said process computer can be used as the computer 
50. The control system 40 may also be integrated in 
the rest of the automation system of the paper ma- 
chine. 15 

In the following, the patent claims wfll be given, 
and the various details of the invention may show va- 
riation within the scope of the inventive idea defined 
in said claims and differ from what has been stated 
above for the sake of example only. 20 


Claims 

1 . System in a press section of a paper machine for 25 
monitoring and control of the running of the press 
felts (10,20,30), which press felts (10,20,30) are 
guided by means of rolls (13,14,15; 23,24,25; 
33,34,35), whose axial directions are arranged so 
that they can be altered by means of an actuator 30 
(18a,1 8b) so as to control the running of the press 
felts (10,20,30), and which system includes de- 
tector devices (16,26,36), by whose means the 
alignment stripe (K) on the felt or felts (1 0,20,30) 
is detected, and which system includes a comput- 35 
er (50) or a corresponding logic unit, into which 
the monitoring signals (a,b) are fed from the de- 
tectors (16,26,36; 17,27,37) in the system, char- 
acterized in that the detectors in the system in- 
clude oscillation detectors (17,27,37), by whose 40 
means oscillations of the press rolls (10,20,30) 
and/or of components related to them are detect- 
ed, that said computer (50) or equivalent is pro- 
grammed to analyze the detector data especially 
in order to detect any felt-induced oscillations, 45 
that said computer (50) or equivalent, by the in- 
termediate of a control system (40) connected to 
it, regulates the actuators (18a, 18b) of the guide 
rolls that guide the running of the felts (10,20,30) 
so that, when the oscillation levels of the press 50 
rolls rise beyond certain limits, the direction of the 
guide roll or guide rolls of the felt (10;20;30) that 
causes the oscillation is turned until an accept- 
able level of oscillation and/or a level of oscillation 
as low as possible is found, that the programs of 55 
the computer (50) or equivalent and of the control 
unit (40) in the monitoring and control system 
have been fitted as an intelligent expert system, 


into which a process model of the oscfllation sys- 
tem of the press section has been assembled, 
and that into said process model new parameter 
datacan be fed when substantial changes related 
to the oscillation system take place in the proc- 
ess. 

2. System as claimed in damn 1, characterized in 
that in the system a series of detectors consisting 
of two or more detectors (1 6) placed side by side, 
preferably optical detectors, is used, by means of 
which series of detectors, besides the by-passing 
of the alignment stripe (K) of the felt or felts 
(10,20,30), the direction of the alignment stripe 
and, when more than two detectors (16a,16b, 
1 6c) are used, the form of the alignment stripe are 
also detected. 

3. System as claimed in claim 1 or 2, characterized 
in that the system comprises a computer (50) or 
a corresponding logic unit, which comprises input 
circuits (53,54) for the optical or equivalent detec- 
tors (16,26,36) as well as for oscillation detectors, 
as well as an interface part (51 ), by whose means 
the computer (50) or equivalent communicates 
with the control unit (40) of the system, and that 
the operation of said computer (50) and of the 
whole system is controlled by means of a pro- 
gram, by whose means the signals (a,b) arriving 
from said detectors are analyzed and the control 
system (40) is given monitoring and control sig- 
nals. 

4. System as claimed in any of the claims 1 to 3, 
characterized in that the system comprises a 
control unit (40), which includes an interface part 
(41), by whose means the control system (40) 
communicates with the computer or equivalent of 
the splice-turning system, and that the control 
system (40) includes output circuits (43), by 
means of whose regulation signal (c) the actua- 
tors ( 18a, 18b) that turn the alignment of the rolls 
that guide the felts, such as a spreader roll, ten- 
stoning roll, and/or an alignment roll, and that the 
control system (40) includes input circuits, to 
which the signals (f) are passed from said actua- 
tors for measurement of the positions of the rolls 
(13,14,15,23,24,25,33,34,35). and that the oper- 
ation of said control system (40) is controlled by 
means of a sequence program for roll shifting and 
splice turning (Fig. 3). 

5. System as claimed in any of the claims 1 to 4, 
characterized in that by means of the signals (a) 
from the detectors (16,26,36), preferably optical 
detectors, which detect the by-passing of the 
alignment stripes (K) of the felts (10,20,30) and 
possibly the alignment of the alignment stripes 
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(K), the frequencies or frequency ranges are con- 
trolled and determined within which the system 
monitors the occurrence of felt-induced oscila- 
tions of the press rolls, and that, when the levels 
of oscillation of press rolls rise beyond a certain 5 
limit, on the basis of the sequences controlled by 
the system, the alignment of the felt guide rolls is 
found out that produces an acceptable and/or the 
lowest level of oscillation. 

10 

6. System as claimed in any of the claims 1 to 5, 
characterized in that, after the alignments of the 
felt guide rolls have been changed and/or after an 
alarm limit has been exceeded, the system is fit- 
ted to monitor the situation for a certain delay 15 
time, preferably about 5... 10min. f before the sys- 
tem gives a splice-change command. 

7. System as claimed in any of the claims 1 to 6, 
characterized in that into the system data can be 20 
fed concerning the diameters of the rolls of the 
press nips (N 1( N 2 ,N 3 ), the bearings, and other, 
corresponding factors that may produce escala- 
tions within the frequency band to be monitored, 

so as to prevent unnecessary splice-turnings, for 25 
example, in the case of a bearing failure. 

8. System as claimed in any of the claims 1 to 7, 
characterized in that the system is connected to 

the process computer of the paper machine 30 
and/or to the rest of the automatic system of the 
paper machine. 

9. System as claimed in any of the claims 1 to 8, 
characterized in that the system is programmed 35 
so that, after the installation of a new felt, the 
alignments of the guide rolls (13,14,15;23,24, 
25;33,34,35) that guide the felt are changed rel- 
atively more frequently than towards the end of 

the service life of said felt 40 
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